With the advance in diagnostic radiology, penetrating atherosclerotic ulcers of the aorta become increasingly recognised in our daily practice. However, their natural history and treatment are not well defined. We report a case of penetrating atherosclerotic ulcer at the aortic arch and review the literature. (Hong Kong j. emerg.med. 2009;16:246-251) 
Introduction
Acute aortic syndrome was coined in 2001 by Vilacosta and Roman to describe the combination of severe and tearing chest pain and hypertension. 1, 2 It consists of penetrating atherosclerotic ulcer (PAU), classical aortic dissection (AD), and intramural haematoma (IMH). Penetrating aortic atherosclerotic ulcer was first described by Shennan in 1934 and is primarily a disease of elderly males with hypertension. [2] [3] [4] [5] It is found in 2.3%-10.6% of patients having radiological examination for significant aortic abnormality 3, 6, 7 and represents a pathologic entity that has a clinical presentation similar to that of acute aortic dissection. 6, 7 However, the two entities have differences in pathogenesis, certain clinical findings, imaging findings, natural history and management strategies.
We report a case of PAU involving the arch of the aorta, with a review of the literature, based primarily on English language, MEDLINE and EMBASE search with secondary reference obtained from key articles.
Case
A n 8 8 -y e a r -o l d g e n t l e m a n w i t h h i s t o r y o f hypertension, congestive heart failure and recurrent stroke presented to the accident and emergency department in January 2008 for sudden onset of chest and upper back pain. The initial blood pressure was 193/74 mmHg and the pulse rate was 75 beats per minute. The physical examination revealed no pulse deficit or heart murmur. There was no neurological sign. The ECG showed sinus rhythm without acute ischaemic change. The chest X-ray showed a widened upper mediastinum of 12 cm at the level of the carina with the trachea deviated to the right side (Figure 1 ). There was no pleural effusion. Thoracic aortic dissection was suspected and urgent contrast CT thorax was arranged. Unexpectedly, it showed no aortic dissection but a narrow projection of contrast that outlined the posterior wall of the aortic arch without re-entry into the lumen. The width of the projection was 5 mm and the depth was 9 mm (Figure 2 ). The diameter of the aorta was 48 mm at the affected part. There was also significant atherosclerotic change throughout the tortuous aorta. The finding was compatible with a penetrating atherosclerotic ulcer. The patient was given intravenous morphine for pain control and the systolic blood pressure was kept below 120 mmHg with titration of intravenous labetalol. Since the patient was stable and had multiple comorbidities and high operative risk, supportive treatments were continued. He got an ischaemic cerebral stroke and aspiration pneumonia three days after admission. He developed sepsis and died after three weeks of hospitalisation. Post-mortem examination was waived.
Discussion

Pathogenesis
PAU begins with an ulcer penetrating into the underlying media of the aorta with extensive atherosclerotic disease, resulting in haematoma, false aneurysm and rarely, free transmural rupture. The most common location is in the descending thoracic aorta and upper abdominal aorta. 2, 3, [8] [9] [10] In contrast, AD begins with an acute intimal tear which usually occurs at the point of greatest hydraulic stress such as the right lateral wall of the ascending aorta and the descending aorta near the ligamentum arteriosum, followed by separation of the media of the aorta by the pulsatile flow and subsequent formation of the false lumen. 2, 7 It has been suggested that the haematoma in PAU is limited by the medial fibrosis that occurs with extensive atherosclerosis around, so that its progress to an AD is uncommon. However, this is not without exception. Benitez et al reported a patient who demonstrated a PAU formed in the setting of severe atherosclerotic disease resulting in antegrade and retrograde dissection, 11 probably because the lesion was located at the aortic arch where the hydraulic stress is high.
Physical findings
Although both patients with PAU and AD present with back pain or chest pain and they usually have high prevalence of hypertension, coronary artery disease and hyperlipidemia, the physical findings are different among them. In contrast to AD, patients with PAU seldom have pulse deficit, 12 aortic valve regurgitation or neurological symptoms. Some patients with PAU will also present with distal ischaemia caused by emboli.
10
Imaging
As PAU and AD share similar symptoms and clinical findings, imaging studies become the essential tool for differentiation. CT scanning with contrast is the preferred modality to differentiate PAU from AD because of its wide availability and short scanning time. It is also less invasive and operator-dependent as well as allowing 3-dimensional reconstructed images. [13] [14] [15] In CT scanning, PAU can be differentiated from AD in the following aspects: 13 1. Entry site: a penetrating ulcer is a well-defined outpouching lesion and is often located in the middle and distal descending thoracic aorta which is often extensively atherosclerotic, whereas the starting point of a dissection is a linear tear which is difficult to outline and is usually located at the ascending or proximal descending thoracic aorta. 2. Intimal flap: an intimal flap can be shown in AD but is usually absent in PAU. 3. Intramural haematoma: Haematoma within the aortic wall is the characteristic radiological feature for PAU whereas the hallmark of AD is the false lumen.
Natural history
The natural history of a disease is of paramount importance when we decide how and when to treat. Rupture is the most immediately lethal complication of PAU. Table 1 summarises the data of PAU studies done by Stanson, 12 Harris, 10 and Coady 3 on the incidence of rupture in association with pain. The study by Coady also identified a rupture rate of 7.3% for type A aortic dissection and 4% for type B aortic dissection. 3 Troxler concluded from the above studies that pain was an important indicator of rupture. The presence of pain signifies an acutely evolving process with high probability of life threatening consequences. 2 Apart from pain, the size of the aorta and the PAU are predictors of rupture. The high incidence of rupture in Coady's patients has been attributed to the coexisting dilated aortas (mean diameter of 6.5 cm). Rupture of the ulcer may actually represent disruption of a thoracic aortic aneurysm. 3 A PAU of diameter greater than 2 cm or depth greater than 1 cm correlates significantly with local progression to rupture, increase in IMH size or dissection. 16 Though uncommon, complication of PAU may manifest distally in terms of embolization of the atheromatous debris, resulting in ischaemia or even infarction of downstream tissues. 2 Despite the location of the PAU at the aortic arch where there is greater haemodynamic stress, the rapid pain response to therapy and the size of the PAU and aorta of our patient do not suggest aortic rupture as a likely cause of his death. The stroke developed during admission could be due to the PAU or other preexisting sites of atherosclerosis.
If an ulcer is asymptomatic or is discovered incidentally, it might still progress and produce delayed complications. In Harris' study, 17 PAUs were followed up 1 to 7 years, and 6 of them progressed to saccular or fusiform aneurysms.
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Management
The management of PAU depends on symptoms, the site of the lesion and evidence of progression.
For symptomatic patients, immediate therapies on blood pressure and pain control should be started to decrease the risk of rupture. Blood pressure control can be achieved by beta-blockers or vasodilators while pain control can be done by intravenous morphine. Due to the paucity of clinical trial, there is still no consensus for the treatment of PAU. Case series and reviews suggested early surgical repair should be considered if the ascending aorta or the arch is involved in order to prevent rupture. Those at descending aorta should also have early repair if there are signs of progression of the disease such as persistent or recurrent pain despite medical management, hemodynamic instability, expanding intramural haematoma or distal embolization. 2, 3, 17 Conservative management with optimal blood pressure control is preferable for those patients with PAU involving only the descending aorta, without symptoms or with symptoms well controlled with medications. Follow-up CT scans are essential as there is risk of progression of the ulcer over time.
Open repair is the traditional method of treatment and has been the gold standard. However, the benefit is nearly always outweighed by the perioperative risk, 6 (40) especially in this group of frail patients, in whom the operative mortality rate can be up to 60%. 18 In the expert consensus document published by Svensson et al in 2008, the in-hospital mortality rate for patients undergoing open descending aortic repair ranged from 3% to 15%. 17 A mortality rate of 5% to 20% was also quoted by Brinster et al. 19 In contrast, the clinical success of treatment by endovascular stent-graft ranged from 76% to 100%, with a reported 30-day mortality rate of 2% to 26%. 15, 17 In the series of Piffaretti et al, 11 patients with PAU at the descending thoracic aorta were treated with stentgraft. The primary success rate was 100% and there was no in-hospital mortality. 15 As a result, in the past decade open repairs have been progressively being replaced by endovascular stentgrafts. 14, 20 However, long-term results of large series are required to confirm the usefulness of stenting, as there may be late complications such as endoleaks, graft migration and stent fractures which necessitate postprocedure surveillance CT scans and aortic reintervention at a later date.
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Conclusion
PAU is a cardiovascular emergency. Awareness of the condition is crucial for timely diagnosis, correct management and optimal outcome. Clinical presentations are similar to those of AD and contrast CT scan is useful in differentiating them. In contrast to AD, it bears a higher risk of rupture. Supportive care, including optimal blood pressure control, is the mainstay of treatment. Surgical interventions are reserved for those with refractory symptoms despite medical therapies, involvement of the ascending aorta or radiological evidence of rapid progression of the disease. Endovascular stent-graft represents an alternative strategy to treat PAU at the descending thoracic aorta and appears to be at least as effective with lower short-term mortality when compared to historical surgical repair.
